ABSTRACT. A 16-month-old intact female Maltese dog was referred for examination of depression and vomiting. Ultrasonography revealed dilated right renal pelvis containing echogenic fluid with free gas. A hyperechoic material suspected of urolith was identified in the right ureter. Computed tomography revealed emphysematous change of the right kidney associated with ureteral obstruction and extrahepatic portosystemic shunt (EHPSS). Ureteronephrectomy and surgical correction were performed for the EHPSS. Escherichia coli was isolated from pus from the right kidney. Quantitative analysis revealed that the urolith was an ammonium urate stone. After 5 months follow-up, no complication was observed. This is the first report of emphysematous pyonephrosis associated with EHPSS in a dog.
Pyonephrosis defined as infected hydronephrosis associated with suppurative destruction of the parenchyma of the kidney may cause septic shock [6, 18] . Almost all dogs with pyonephrosis have conspicuous obstruction in the renal collecting system [5, 13, 20] . Animals with portosystemic shunt (PSS) may show urinary tract signs. These signs can be associated with ureteral obstruction caused by ammonium urate ulolith and bacterial upper urinary tract infections (UTIs) [7, 14, 17] . Here, we report emphysematous pyonephrosis associated with PSS in a dog.
A 16-month-old intact female Maltese was referred for examination of depression and vomiting within an hour after eating high-protein food. Its rectal temperature was 39.8°C. No other abnormality was noted on physical examination. Complete blood cell counts (CBC) showed anemia (hematocrit 25%, reference 37-55%), leukocytosis (27.06 × 10 9 /l, reference 0.6-17.0 × 10 9 /l) and thrombocytopenia (134 × 10 9 /l, reference 200-500 × 10 9 /l). On biochemical profiling, the following abnormalities were noted: elevated alkaline phosphate (994 U/l, reference 20-150 U/l), hypoalbuminemia (1.8 g/dl, reference 2.5-4.4 g/dl) and hypoglycemia (38 mg/dl, reference 74-143 mg/dl). Serum urea nitrogen level and creatinine level were within the normal range. Serum bile acid (SBA) was elevated over 30 µmol/l on preprandial (reference 0.2-4.3 µmol/l) and two-hour postprandial (reference 0.6-24.2 µmol/l). Urinalysis showed proteinuria (protein level of 2+), glycosuria (glucose level of 1+) and normal urine specific gravity (1.025) with dipstick analysis. There were rod-shaped bacteria and neutrophils in the urine aspirated on sediment examination with Diff-Quick stain.
On radiographs, right-sided renomegaly and microhepatica were identified. A well-defined round shaped gas opacity was superimposed with enlarged right kidney (Fig.  1 ). On ultrasonography (Xario SSA-660A, Toshiba Medical Systems Corp., Otawara, Japan), the right renal pelvis was dilated containing echogenic fluid. Reverberation and bright speckles with dirty shadowing were found just below the medial interface of the diverticuli consistent with free gas (Fig. 1 ). An 18.1 mm-wide spindle-shaped and hyperechoic structure with distal shadowing was identified. It was consistent with cranial ureteral dilation. Urinary bladder was thickened irregularly. It was filled with echogenic sludge. Its liver was diffusely hyperechoic. The main portal vein was small in diameter. The extrahepatic portal flow was reduced. A dual-phase computed tomographic angiogram (CTA) was performed (Somatom Emotion, Siemens, Muenchen, Germany). Iodinated contrast medium (Omnipaque, GE healthcare, Cork, Ireland) was administered (814 mgI/kg) at 1 ml/sec into a cephalic vein by an automatic angiographic injector (CT 9000ADV, Liebel-Flarsheim, Cincinnati, OH, U.S.A.). Images were acquired from the start of arterial phase at 12 sec and portal phase at 33 sec after administrating the contrast medium in compliance of a previous study [26] . The shunting vessel arose from the gastroduodenal vein and extended ventrally leftward and cranially along the lesser curvature of the stomach. It passed cranial to the liver along the diaphragm and connected to the caudal vena cava from the left side via the phrenic vein (Fig. 2) . Right kidney was filled with non-enhancing content with a small amount of gas (Fig. 2 ). Calculi were identified in the right ureter and the left renal pelvis. Based on these findings, emphysematous pyonephrosis with a congenital extrahepatic portosystemic shunt (EHPSS) was the tentative diagnosis.
Ureteronephrectomy revealed that the renal pelvis was filled with a large amount of dark brown-colored pus. A yellowish green, 5.8 × 3.2 × 4.2 mm sized, and pyramidal- shaped calculus was presented in the right ureter (Fig. 3) . Surgical correction of the EHPSS was performed around the shunt close to the caudal vena cava using surgically placed cellophane bands. Escherichia coli was isolated from the pus. Quantitative analysis of the urolith revealed 50% ammonium acid urate and 50% non-urolithic materials. After the surgical procedure, clinical signs were resolved. At follow-up of 5 months, no complication was observed. Ammonium acid urate calculi are common in PSS patients. They can be associated with bacterial upper urinary tract infections [14, 17] . Patients with PSS often show hematologic changes, including nonregenerative anemia, leukocytosis, hypoalbuminemia, hypocholesterolemia, hypoglycemia and elevated serum liver enzyme [8, 24] . Although normal Maltese dogs have been reported to have elevated SBA, increases in postprandial SBA are sensitive markers to detect PSS in dogs [1-3, 8, 23] . In this case, ammonia tolerance test was excluded, because all clinical signs and hematologic changes indicated that the patient might have PSS. Septicemia was also suspected due to suppurative destruction of the right kidney consistent with hematologic abnormalities.
If the kidney is unilaterally enlarged on radiography, hydronephrosis, renal tumor and subcapsular hematoma or abscess could be considered [22] . Although ureteral calculi are often radiopaque, urate stones are usually radiolucent [22] .
According to previous reports, almost all dogs with pyonephrosis have conspicuous obstruction in the renal collecting system [5, 13, 20] . In this case, the right kidney was dilated with pus due to urinary obstruction by urate stone and UTIs. In addition, the pyramidal shape of the stone suggested that urolith could have formed in the renal pelvis and dislodged into the ureter. Imaging for the portal and hepatic vasculature is essential for diagnosis of PSS in a dog. Dual-phase CTA is a minimally invasive imaging modality. It provides excellent anatomic details of the hepatic and portal vasculature [26] . In this case, dynamic scan was not performed, because we were concerned about the nephrotoxicity related to iodinated contrast media [15] . Based on available literatures, this case was similar to right gastric-phrenic type [9, 11, 16, 21] .
In animals with PSS, urinary disorders can be associated with bacterial UTIs [12, 14] . Detection of bacteria on urine sediment examination can strongly suggest bacterial UTIs [19] . Rod-shaped bacteria and neutrophils were identified in this case. Based on available literatures, E. coli is the most common offending organism in the kidney of dogs [12] . Although emphysematous change of kidney is usually associated with E. coli in humans, it has been discussed in dogs only in a few cases [4, 10, 12, 13, 20, 25] . In this case, free gas was identified in the right kidney, and E.coli was isolated from the pus in the right renal collecting system. Emphysematous pyonephrosis with EHPSS is very rare in veterinary medicine, although a similar case has reported that ammonium urate urolith has resulted in hydronephrosis in a PSS dog [7] . In this case, more severe progression with obstructive lesion and UTIs complicated with suppurative and emphysematous change was found compared to the previous report. In addition, we cultured the bacteria and identified the causative organism.
In most cases, clinicians may consider UTIs and/or ureteral obstruction, if emphysematous and purulent change of kidney is identified. However, it is possible that the causes of obstructive ureter stone, such as EHPSS, are overlooked due to the severity of clinical symptoms. Therefore, detailed investigation using US and CT should be considered for cases with obstructive ureter stones. This report is unique due to the severe progression of pyonephrosis. To the best of our knowledge, this is the first report of emphysematous pyonephrosis associated with congenital PSS in a dog.
